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ABSTRACT
In this study, the indoor radon concentrations (CRn), and other radiological effects
on some educational institutions and homes in Jericho city, Palestine were
investigated. Nuclear track detector type CR-39 (SSNTD) was used to measure
track density of alpha particles emitted from radon and its progeny. The radon
concentrations in the corresponding buildings have been found to vary from 27.8
to 962, 20.5 to 391 and 43.8 to177 Bqm-3; with average values of 142.5, 97.6 and
110.0 Bqm-3 in Al-Istiqlal University, schools, and homes and kindergarten,
respectively. The highest and lowest of radon concentrations were found in the
first and second floor, respectively. The indoor concentration of radon in many
rooms was considerably higher than the levels prescribed by WHO (100 Bqm-3)
and UNSCEAR (40 Bqm-3). The total average values of the annual effective dose
in the studied educational institutions and homes are 3.05 mSvy–1. This value is
within the action level of 3-10 mSvy–1 recommended by ICRP (1993), but it is
higher than the global average of 1.15 mSvy–1 as recommended by UNSCEAR
(2000). Thus, according to the annual exposure dose data, the students and
inhabitance are not safe in most of the rooms from radiation point of view. The
average of LCC risk for different rooms in the area under investigation varies
from 21.2 person per million per year to 123.5 person per million per year with a
total average value of 55.0 person per million per year.
Keywords: radon concentration, CR-39 detector, annual effective dose, lung
cancer cases, Jericho city, Palestine.
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:الملخص
 والتأثيرات اإلشعاعية الناتجة عنها في بعض،)CRn(  تم قياس تراكيز غاز الرادون،في هذه الدراسة
33- وتم استخدام كاشف األثر النووي نوع سي أر. فلسطين- المؤسسات التعليمية والمنازل في مدينة أريحا
 وخلص البحث إلى أن تراكيز.( لقياس كثافة مسار جسيمات ألفا المنبعثة من الرادون ووليداتهSSNTD(
122  إلى43,1  ومن،331  إلى30,5  ومن،313  إلى32,1 غاز الرادون في المباني تتراوح بين
، والمدارس، في كل من جامعة االستقالل3م/ بيكريل110,0  و32,1  و143,5 :؛ بمتوسطات3م/بيكريل
 واقل منها في، وتبين أن أعلى التراكيز للرادون كان في الطابق األول.والمنازل و روضة أطفال بالتتابع
 وكان تركيز غاز الرادون في األماكن المغلقة في العديد من الغرف أعلى بكثير.الطابق الثاني على التوالي
) واللجنة العلمية لألمم المتحدة المعنية3م/ بيكريل100( من المستويات التي حددتها منظمة الصحة العالمية
 وبلغ معدل القيم الكلية للجرعة الفعالة السنوية في المؤسسات.)3م/ بيكريل40( بآثار اإلشعاع الذري
سنة وهذه القيمة ضمن المستوى الذي أوصت به اللجنة/ ملي سيفرت3,05 التعليمية والمؤسسات المختلفة
 ولكنها أعلى من المتوسط العالمي الذي أقرته، )سنة/ ملي سيفرت10-3( الدولية للحماية من اإلشعاع من
 وبالتالي ووفقا لبيانات.)سنة/ ملي سيفرت1,15( اللجنة العلمية لألمم المتحدة المعنية بآثار اإلشعاع الذري
. فإن الطالب والعاملين والسكان ليسوا آمنين في معظم الغرف التي تم دراستها،التعرض للجرعة السنوية
31,3  بالنسبة للغرف المختلفة في المنطقة تحت الدراسة يتراوح منLCC ووجد أن متوسط مخاطر
 شخصا لكل مليون55,0  شخصا لكل مليون سنويا بمتوسط إجمالي133,5 شخصا لكل مليون سنويا إلى
.سنويا
INTRODUCTION
Radon gas is known to be the second cause of lung cancer after cigarette
smoking, and in 1988, the International Agency for Research on Cancer (IARC)
and the World Health Organization (WHO) classified radon as a human lung
carcinogen. Nowadays, the protection of human against radon is considered a
worldwide issue. In this context, attention has to be paid to universities and
schools since many students and teachers stay for more than 6 hours a day at
them. For the auditorium at school, many students move in and out of it several
times a week, but it tends to have poor ventilation as it is to be kept closed while
not in use (ICRP, 2010; WHO, 2009; Clouvas et al., 2011).
However, it is well known that human exposure to radioactivity comes mainly
from natural sources, being radon and its progeny breathed in the air responsible
for more than half of the annual dose received from natural radiation. Exposures
to radon and its short-lived decay products at concentrations typically found
indoors, deliver a dose to the sensitive cells of the lung corresponding to a dose
of 1.3 mSvy-1 out of the total effective dose (2.4 mSvy-1) (UNSCEAR, 2000; Al
Zabadi et al., 2015). The radon gas percolates through porous soils beneath the
buildings and enters into the indoor atmosphere through gaps and cracks in the
foundations, pipes, sumps, drains, walls, and other openings. The high indoor
https://digitalcommons.aaru.edu.jo/hujr_a/vol8/iss1/3
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radon levels are associated with a number of factors including soil porosity,
uranium content of the soil, building material, mode of construction, indoor air
characteristics, wind speed, and ventilation conditions. The variability of these
factors accounts for the large range of the radon levels measured in dwellings
(Kullab et al., 1997; Rahman et al., 2010).
Radioactive decay produces radon daughters, many of them radioactive and most
of which attach to tiny dust particles in the indoor air. The radon daughters are
primarily alpha emitters. When these particles are inhaled, a fraction is deposited
in lungs thereby increasing the probability of occurrence of lung cancer (Rahman
et al., 2010; Cao et al., 2017). Regarding the action level for radon, WHO has
expressed that homeowners take actions when radon level exceeds 100 Bqm-3.
This is much more than the conservative figure declared by the Environmental
Protection Agency (EPA), in which the action level is 148 Bqm-3. This has been
the USA standard for many years (Darby et al., 2001; EPA, 1991).
In West bank Palestine, indoor radon survey projects were initiated in 1996 by
Fakhri Hassan at Hebron University (WHO, 2009). Then, several research groups
were formed to study radon concentrations such as: a research group at Al-Quds
University (Hassan, 1996; Leghrouz et al., 2007; Leghrouz et al., 2012) , a
research group at Hebron University (Shawawra, 2011; Dabayneh, 2006;
Dabayneh and Awawdeh, 2007;
Thabayneh et al., 2012; Jazzar and Thabayneh, 2014; Thabayneh et al., 2015;
Thabayneh and Arar, 2015; Thabayneh et al., 2016), a research group at Arab
American University (Abu-Samreh et al., 2015; Abu-Samreh et al., 2016), and
An-Najah University (Al Zabadi et al., 2015; Daragmeh, 2001; Dwikat, 2001;
Saffarini et al., 2012; Mallah, 2013). Up to now, more than 4000 dwellings
located in more than 50 locations were surveyed. Thus far, detailed radon data
for many locations in the Palestinian territories are not available yet. Globally,
there are a large number of studies in this field, such as: Maghraby et al., 2014;
Nejatolahi et al., 2015; Battawy et al., 2016; Ji Young Yoon et al., 2016; Asere
and Ajayi, 2017; Javier, 2018; Hassanvand et al., 2018).
In this study, we are mainly concerned with investigating the indoor radon
concentration levels in the buildings on some educational institutions and homes
in Jericho city, Palestine. The main purpose of these measurements was to find
whether the staff, the students and inhabitance in these buildings are exposed to
elevated concentrations of radon gas. The study is motivated by several
considerations, one of which is no information or data about radon gas
Published by Arab Journals Platform, 2019
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concentration has been reported before for this region. Therefore, this study is
expected to provide some data and information about the radon concentration
levels concerning the radon exposures to the students and general public.
Besides, some bases for radiation protection countermeasures are recommended
too. Moreover, by this study we aim to create an interest and raise the public
awareness of the radon hazard in the community.

EXPERIMENTAL WORK STAGES
Study area
Jericho, in Arabic Ariha is a city in the Palestinian Territories located 36
kilometers east of Jerusalem, and is near the Jordan River in the West Bank,
Palestine. It is believed to be one of the oldest inhabited cities in the world and
the city with the oldest known protective wall in the world which points to
evidence life here, 10,000 years B.C. (Anna, 2007). Jericho is located at an
altitude of 273 m below sea level with a mean annual rainfall of 133 mm. Its
moderate climate makes it a favorite winter resort, as it is always a number of
degrees warmer than other parts of Palestine owing to its low elevation and the
height of the surrounding mountains. It is an important agricultural area,
producing fresh fruits and vegetables. Jericho dates, bananas and citrus fruits are
especially famous. The average annual temperature is 24 oC, and the average
annual humidity is approximately 49 % (ARIJ, 2012).
According to the Palestinian Central Bureau of Statistics (PCBS), the total
population of Jericho in 2007 was 18,346. There were additionally registered to
be 3,510 households living in 4,549 housing units.
The buildings under study were built, in general, with limestone bricks, cement,
sand, bricks, iron reinforcement, marble, and concrete as construction materials.
Most of the buildings are double story, while few of them are single story. The
walls of the dwellings are often covered with paints, bathroom walls ornamented
with ceramics, kitchens designed with large marble plates. It is worthy to note
that several of these materials are expected to contribute significantly to sources
of indoor radon. Most of the rooms are approximately 7 m by 8 m, with more
than 3 windows and a door. Usually windows are not functional and remain
closed with no additional exhausting fans, which results in poor ventilation.

https://digitalcommons.aaru.edu.jo/hujr_a/vol8/iss1/3
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Methodology
Indoor radon concentrations were measured mainly using the passive closed
techniques employing high-quality CR-39 SSNTD from Pershore Moulding Ltd.,
UK. A total of 115 dosimeters were distributed inside various rooms in the region
under investigation; only 88 detectors were collected. The remaining ones (23%)
were lost in the buildings. The exposure time in all sites was approximately 3
months from May to August 2017. The structure of these passive radon
dosimeters had been described as shown in Figure 1. After exposure, the
detectors were then collected and chemically etched using 6.25 M solution of
NaOH in water bath with controlled electric heater for 4 hours at fixed
temperature of 70°C in temperature controlled etching bath (to ± 0.1 oC). After
etching, the detector was washed in distilled water and allowed to air dry. The
tracks were counted manually for 30 randomly chosen fields of view, using an
optical microscope with a magnification of 160X, to obtain an average and
representative value of track density for each dosimeter.

Fig.1 Typical CR-39 dosimeter.
RESULTS AND DISCUSSION
Radon Concentration
A radon concentration which was measured by each detector, in unit of Bqm-3, is
given by the following equation (Al-Bataina et al., 1997; Thabayneh and Arar,
2015):
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Where Co is the radon concentration of the calibration chamber (90 kBqm-3), to is
the calibration exposure time (48 hours), ρ is the measured track number density
per cm2 on the CR-39 detectors inside the dosimeters used in this study, ρo is the
measured track number density per cm2 on those of the calibrated dosimeters
(3.31104 tracks cm-2), k is the calibration factor (1.31×10-2 Bq hr m-1 tracks-1),
and t is the exposure time in hours (2160 hours).
The main rooms, the statistical information on detectors, the range of radon
concentrations and the frequency distributions of indoor 222Rn in 88 rooms in
Jericho city - Palestine, during the summer season in year 2017, are listed in
Table 1. The frequency distributions indicate that 33% of concentrations are
greater than the reference level of 100 Bqm-3assigned by WHO, 2009 and 2015
(WHO, 2009; 2015), for the remedial action to be taken, and 82% of
concentrations are higher than the world average radon concentration of 40 Bqm3
(UNSCEAR, 2000).
Table 1 The frequencies of the average radon concentration levels for each type
room in Jericho city.

Room
Teaching rooms
Administrative and
Teachers rooms
Kitchens and
Bathrooms
Libraries and
Computer labs
Food halls
Washing Rooms
Stores
Theater
Bedrooms and
Kindergarten
Total
Pers.

Frequency range (Bqm-3)
0-100
101-200 >200
22
4
4
21
7
4

N
30
32

Perc.
34.1%
36.4%

2

---

5

7

8.0%

6

---

---

6

6.8%

2
1
1
1
3

-----------

1
1
3
-----

3
2
4
1
3

3.4%
2.3%
4.5%
1.1%
3.4%

59
67.0%

11
12.5%

18
20.5%

88
100 %

100 %
--
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The results from table 2, show that the radon concentration levels were found to
vary from 20.5 to 375 Bqm-3 with an average value of 82.7 Bqm-3 in teaching
rooms; from 27.8 to 582 Bqm-3 with an average value of 116.4 Bqm-3 in
administrative and teachers rooms; from 53.8 to 728 Bqm-3 with an average
value of 302 Bqm-3 in kitchens and bathrooms; from 49.7 to 79.3 Bqm-3 with an
average value of 65.1 Bqm-3 in libraries and computer labs; from 39.2 to 962
Bqm-3 with an average value of 350 Bqm-3 in food halls; from 71.6 to 246 Bqm-3
with an average value of 159 Bqm-3 in washing rooms; from 65.2 to 448 Bqm-3
with an average value of 257 Bqm-3 in stores and from 43.8 to 177 Bqm-3 with an
average value of 110 Bqm-3 in bedrooms and kindergarten. It is noted from the
results that most of average concentrations are greater than 100 Bqm-3. Therefore,
it’s possible that there will be a health risk to the students and inhabitants of
those rooms resulting from inhalation of radon.
The results show that the average indoor radon concentration levels are relatively
high in food halls, kitchens and bathrooms, and stores compared with other
rooms. These results make sense due to bad ventilation and natures of usage in
chambers that suffer high levels in radon concentration. This prominent variation
in radon concentration can be explained as follows: the rooms with high radon
levels are kept closed most of the time in weekends, there are also long periods in
the year when educational institutions are closed especially during summer
holiday. When buildings are closed, an increase of radon concentration is
expected due to poor ventilation. Although kitchens and bathrooms are
constructed mainly from the skeletal building materials (concrete and cement
blocks), the finishing materials used in such compartments largely differ from
those used in other locations within the same building. Ceramic and granite in
particular, are used extensively in place of the paint commonly used in teaching
rooms, teacher rooms and bedrooms (Jazzar and Thabayneh, 2014). Previous
reports have indicated that ceramic and granite are potential sources of radon,
where radon mainly emerges from the decay of thorium and uranium in these
materials (Kenawy et al., 2000). The use of natural gas in kitchens, cooking food
halls are a potential source of indoor radon (Thabayneh and Arar, 2015). The
observed variations of radon concentrations among various rooms can be
attributed to many factors, like geological structure of the sites, the various types
of building materials used for the construction of the buildings, ventilation rates,
and the effect of aging on the buildings, as well as the social habits of the
students and inhabitants. Finally, high temperature in Jericho in the summer
season and its lower location relative to the sea level, could lead to a high level of
radon in the area.
Published by Arab Journals Platform, 2019

7

ron University Research Journal-A (Natural Sciences) - (???? ????? ?????? ??????- ? (?????? ????????, Vol. 8 [2019], Iss. 1, A
Khalil M. Thabayneh, et al., Measurements of Indoor Radon…..., H.U.R.J, Vol. (8), 2019

47

Table 2 Indoor radon concentrations levels of different rooms in Jericho city.
Compartments

Teaching rooms
Administrative and
Teachers rooms
Kitchens and Bathrooms
Libraries and
Computer labs
Food halls
Washing Rooms
Stores
Theater
Bedrooms and Kindergarten
Total

No. of
detecto
rs
30
32

CRn (Bqm-3)
Min
Max

Ave

20.5
27.8

375
582

82.7
116.4

7
6

53.8
49.7

728
79.3

302
65.1

3
2
4
1
3
88

39.2
71.6
65.2
--43.8
Total Ave

962
246
448
--177

350
159
257.0
59.3
110.0
167.0

Table 3, shows the concentrations of 222Rn, and other radiological effects, in all
educational institutions at the regions under investigation. The indoor radon
concentrations obtained varied from 27.8 to 962 Bqm-3 in Al-Istiqlal University;
from 20.5 to 391 Bqm-3 in schools; and from 43.8 to 177 Bqm-3 in homes and
kindergarten; with average values of 142.5, 97.6 and 110.0 Bqm-3, respectively.
The total average value of the indoor radon concentration in all educational
institutions is 127.6 Bqm-3. According to the data in Table 3, the difference
between the minimum and maximum of indoor concentrations levels in the three
surveyed educational institutions of Jericho city is high. This large variation is
mainly due to the difference in the ventilation methods used, the difference in
used and the difference in the institution site. Such institutions need health
requirements such air-conditioning, pigments contain materials free of 222Rn
sources, and widely spaced windows that guaranteed well ventilation.

https://digitalcommons.aaru.edu.jo/hujr_a/vol8/iss1/3
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Table 3. The radon concentration (CRn), the annual effective dose equivalent
(DRn) and the Lung cancer cases (LCC) in different buildings selected from
Jericho City.
No.
of CRn (Bqm-3 )
rooms
Min
Max
Al-Istiqlal University 57
27.8
962
Schools
28
20.5
391
Homes
and 3
43.8
177
Kindergarten
Total
88
Total Ave
Institution

Ave
142.5
97.6
110.0
127.6

Table 4, shows the concentrations of 222Rn in different floors of all educational
institutions. The concentration levels data exhibited in Table 4, as well as the
annual effective dose decreases with the floor-level. The first floor is generally
characterized by a high radon concentration level with respect to the second floor
level. This may be due to several reasons: Firstly, second floor has better
ventilation than the first floor. Secondly, the chances for radon to reach upper
floor are very small compared to its chances to reach lower ones. Finally, the
radon exhalations rates from the ground are decreasing fast as going to higher
floors. However, there is a large variation in the radon concentrations within the
same floor, especially the ground and the first floor. The ground floor of such
buildings is directly constructed on top of soil with a coating of concrete, which
allows more radon to diffuse inside the rooms because of the higher porosity of
materials used.
Table 4. The 222Rn concentrations levels (CRn), belong to different floors in
Educational Institutions of Jericho City - Palestine
Educational
Institutions

Floor
No.

CRn (Bqm-3)
Min Max

Ave

Al-Istiqlal
University

1
2

27.8
38.8

962
364

150
128

Jericho
Girls 1
School
2
Aesheh School
1
2

22.8
30.1
33.7
20.5

258
125
391
41.0

73.6
60.0
165
31.0
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Annual Effective Dose
The annual effective dose for 222Rn and decay products can be estimated from the
measured 222Rn concentrations based on conversion factors given by UNSCEAR
reports (UNSCEAR, 2000). The annual effective dose at any location depends
upon the occupancy factor and to annual absorbed dose. The occupancy factor
for the students and the staffs of educational institutions were calculated using
the following equations (Al Zabadi et al., 2015): For universities: (48 h /wk)×(40
wk /yr)= 1920 h /yr. Thus, the universities occupancy factor (Q) = 1920h / 8760h
= 0.22. For schools: (36 h /wk)×(38 wk /yr) = 1370 h /yr. Thus, the schools
occupancy factor (Q) = 1370h / 8760h = 0.16. For homes: the occupancy factor
(Q) = 0.8. The annual absorbed dose (DRn) is given by the following:
D Rn ( mSvy

1

)  C

Rn

 D  Q  E  T

2 

where CRn is the measured 222Rn concentration (in Bqm-3), E is the equilibrium
factor between radon and its progeny (0.4), T is hours in a year (24 h ×365 =
8760 h y–1), and D is the dose conversion factor (9.0 x 10-6 mSvh-1 per Bqm-3),
which is the effective dose received by adults per unit activity of 222Rn per unit of
air volume (UNSCEAR, 2000).
Now to calculate the annual effective dose, one has to apply a tissue and
radiation weighting factors according to ICRP (ICRP, 1993). The equivalent dose
is the radiation weighted absorbed dose. The radiation weighting (WR) factor for
alpha particles is 20 as recommended by ICRP (ICRP, 1991). With the effective
dose, a tissue weighting (WT) factor is applied. According to ICRP, the tissue
weighting factor for lung is 0.12. The annual effective dose is then calculated
according to the equation below:
H

E

( mSvy

1

)  D

Rn

 WT  W

R

3 

From eq. (3) and Table (5); the total average values of the annual effective dose
in the studied educational institutions and homes are 3.05mSvy–1. The results are
as the follows: from 0.48 to 16.153 mSvy–1 with an average value of 2.40 mSvy–1
in Al-Istiqlal University; from 0.36 to 4.70 mSvy–1 with an average value of 1.18
mSvy–1 in schools; and from 2.74 to 11.04 mSvy–1 with an average value of 6.86
mSvy–1 in homes and kindergarten. In the recent reports of UNSCEAR, the world
average is 1.15mSvy-1, which varies between 0.5mSvy-1 and 3.5mSvy-1
(UNSCEAR, 2000).
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On the basis of this recommendation, it has been observed that most of the values
are higher than the global average value reported by UNSCEAR, but there are
within the limit of the recommended action level of 3-10 mSvy-1 (UNSCEAR,
2000). Therefore, the health risk due to radon is possible, and for a few of those
rooms the health risk is very high.
Table 5. The absorbed dose (DRn), the annual effective dose (HE) and the Lung
cancer cases (LCC) in different buildings selected from Jericho city.
DRn (mSvy-1)

Institution

HE (mSvy-1)

LCC (×10-6)

Min

Max

Ave

Min

Max

Ave

Min

Max

Ave

Al-Istiqlal
University

0.20

6.73

1.00

0.48

16.15

2.40

8.6

290.7

43.2

Schools

0.15

1.96

0.49

0.36

4.70

1.18

6.5

84.6

21.2

Homes and
Kindergarten

1.14

4.60

2.86

2.74

11.04

6.86

49.3

198.7

123.5

Total

Total Ave

1.27

Total Ave

3.05

Total Ave

55.0

Lung Cancer Cases
Radon decays quickly, giving off tiny radioactive particles. When inhaled, these
radioactive particles can damage or distort the cells in the lung. Long-term
exposure to radon can lead to lung cancer. The lung cancer cases per year per
million person (LCC) is estimated by using the risk factor lung cancer induction
18×10-6 mSv-1 and can be obtained using the following relation (Thabayneh and
Arar, 2015).
LCC

 H

E

( mSvy

1

)  18  10

6

(mSv)

-1

4 

According to this study, the radon induces lung cancer risks. In the study area,
the total average values of LCC in the studied educational institutions are 55 per
million person per year. This means that the dose due to radon may cause 55 lung
cancer cases among each 1 million inhabitants of Jericho city per year. As shown
in table 5, it is found that LCC ranged between 8.6 and 290.7 per million person
per year with average value of 43.2 per million persons per year in Al-Istiqlal
University. The results found to vary from 6.5 to 84.6 per million person per year
with average value of 21.2 per million persons per year in schools and from 49.3
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to 198.7 per million person per year with an average value of 123.5 per million
persons per year in homes and kindergarten. Many of these values in educational
institutions and homes are within the limit of the range (170-230) per million
person per year, which is recommended by the ICRP (ICRP, 1993), which means
that there is a high risk of cancer due to high concentrations of radon.
Published data by the Ministry of Health (MOH) in Palestine indicates that the
number of all cancer cases death in Jericho city was 63 per 100,000 inhabitants
during the year 2015 and its percentage among all deaths is 19 % (MOH, 2016).
It can be seen from Table 5 that Jericho city has a high percentage of lung cancer
from all types of cancer in comparison to other cities. This seems to agree with
the high radon concentration levels in Jericho city area compared to other areas.
CONCLUSION
The frequency distributions indicate that 33% of concentrations are greater than
the reference level of 100 Bqm-3 assigned by WHO for the remedial action to be
taken, and 82 % of concentrations are higher than the world average radon
concentration of 40 Bqm-3. Unfortunately, the high levels of radon in many
buildings endanger the health of the public. Therefore, the buildings need to be
secure and safe.
The average values of annual effective dose are equal to 2.4, 1.18 and 6.86
mSvy–1 in Al-Istiqlal University, schools, and homes and kindergarten,
respectively. The total average values of the annual effective dose in the studied
educational institutions and homes are 3.05mSvy–1. These values are within the
action level of 3-10mSvy–1 recommended by ICRP (1993), but are higher than
the global average of 1.15mSvy–1 as estimated by UNSCEAR (2000). The lung
cancer cases per year per million persons have been calculated where the values
are within the limit of the range (170-230) per million persons recommended by
the (ICRP, 1993).
It is clear that continued efforts are needed to further reduce the exposure and
effectively reduce the number of lung cancers caused by radon. The
measurements taken in this study represent a baseline database of activity levels
that can serve as a reference point for future studies to indicate impacts from
future events. The results of the present work provide an additional database on
indoor radon level in Palestine.
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